INTRODUCTION
Obesity is a major public health problem affecting a great number of adults in the United States (1) . Treatment of this disorder is considered by most physicians and patients to be discouraging; <5% of subjects losing a significant amount of weight by any technique (2, 3) other than surgery are able to keep it off for [3] [4] [5] yr. Because of this impressive tendency for obese patients to regain lost weight and for thin individuals to lose weight they have gained by enforced overeating (4), a specific Received for publication 21 June 1980 and in revised form 30 December 1980. "set point" for fat mass or fat cell size has been postulated (4, 5) . Deviation either above or below the set point might stimulate counterregulatory mechanisms to come into play, driving the patient back toward this set point.
Obesity is known to be accompanied by many metabolic abnormalities: insulin resistance with elevations in basal and glucose-stimulated insulin concentrations (6, 7) ; increased fat cell volume (8) ; increased glucose incorporation into triglyceride by adipose tissue (9, 10); enhanced basal and stimulated lipolysis (11) ; and elevated fasting triglyceride concentrations (7) . All of these abnormalities are reversible, however, and normalize with weight loss (6) (7) (8) (9) (10) (11) . For this reason, it is likely that they are a consequence of the obesity, not a cause.
Adipose tissue lipoprotein lipase (AT-LPL)l is the rate-limiting enzyme responsible for the uptake and storage of lipoprotein triglyceride by the adipocyte (12) . This enzyme is made in the cytoplasm of the adipocyte and transported to the capillary endothelium, where it hydrolyzes fatty acids from the triglyceride circulating in the core of very low density lipoproteins and chylomicrons (13, 14) . The released fatty acids are then taken up by the adipocyte and reesterified to triglyceride, which is stored in the lipid droplet (12 (15, 16) . If this elevation in AT-LPL, like most other metabolic abnormalities associated with obesity, is a consequence of the obese state, its activity would decline with weight loss. If, however, the AT-LPL activity remains elevated or increases further with weight loss, this enzyme might be playing a causal role in the maintenance of obesity.
Other studies (17) have revealed that previously obese subjects, who by careful chronic dieting were able to maintain a stable reduced weight for 4-28 mo, had AT-LPL activity threefold greater than predicted for their degree of obesity (%IBW) or their fat cell size. This retrospective analysis supports the hypothesis that AT-LPL activity was increased in these stable, reduced subjects as a counterregulatory attempt to increase triglyceride storage and return fat cell size, and thus fat mass, toward the original obese set point. Alternatively, those unusual individuals who were able to maintain their weight loss might have been a unique subgroup that always had greatly elevated AT-LPL activity. To evaluate these possibilities, prospective weight loss studies were performed, and the AT-LPL response was determined. The subjects then began a 600-kcal (50% protein, 50% carbohydrate) liquid formula weight reduction diet, which was continued until the subject felt he could no longer lose weight and wished to discontinue the diet. Each was then restabilized for 1 wk at the reduced weight on the original "basal" formula diet, and the adipose tissue biopsy was repeated. AT-LPL also was measured in four of the subjects at the end ofa 1-to 2-wk period ofweight stabilization at the midpoint of the weight loss protocol.
METHODS
All subjects were given multiple vitamins and a stool softener throughout the study but took no other drugs. Two of the eight subjects (Nos. 2 and 4) were cigarette smokers, and except for the mornings before studies, when tobacco was withheld, they continued their usual smoking habit throughout the study.
AT-LPL was measured as the heparin-releasable enzyme as previously described (16) . Adipose tissue specimens were 
RESULTS
The mean %IBW for the eight patients in the obese state was 175 (Table I) . After weight loss, it decreased to 152. Both of these means are somewhat inflated by the inclusion ofone massively obese subject. The mean %IBW for the other seven subjects was 153 before and 133 after weight loss. The mean weight loss for the eight subjects was 16 kg.
The level ofAT-LPL activity ofthe eight subjects before and after weight loss was compared to the relationship between AT-LPL activity and %IBW in a group of normal control subjects (Fig. 1) . The subjects making up this control line were nonreduced, nonsmoking males who had been stable at their usual weight for a minimum of several months.
Seven ofeight patients showed a rise in their AT-LPL activity after weight loss. The AT-LPL activity in the obese state was 2.17±1.17 compared with 9.33+8.93 mU/106 cells after weight loss (difference: 7.16±9.20, P = 0.03). The data points of the patients studied when obese fell on or about the control regression line, developed from data of other individuals, and deviated upward off the line after restabilization at a reduced weight (Fig. 2) . Four subjects were restudied 8-14 mo after their weight reduction (Table II) . Three subjects had regained their lost weight with a return ofAT-LPL activity to near their obese levels. One subject had maintained most of his lost weight and continued to have elevated AT-LPL activity.
The fractional rate of weight loss was greater during the initial period of the hypocaloric diet (0.30±0.06%) than during the second period of the hypocaloric diet (0.11±0.07%, P < 0.01) in the four subjects weight stabilized halfway through the weight loss protocol (Fig. 3) . In these subjects the initial period of weight loss was 41+5 d; the second period was 44±11 d. There was an inverse correlation between the change in AT-LPL activity and the fractional rate of weight loss (Fig. 3) .
Measurement of plasma lipoprotein levels (Table I) revealed a reduction in very low density lipoprotein triglyceride (VLDL-TG) from 166±90 mg/dl in the obese state to 115±56 mg/dl after weight stabilization at the reduced weight; however, this was not a statistically significant decline (P = 0.09). Plasma high density lipoprotein (HDL) cholesterol level increased significantly from an obese level of 30±4 mg/dl to 40±10 mg/dl after weight reduction (difference: 9.50±12.55, P = 0.05). The change in HDL cholesterol did not correlate with the change in AT-LPL activity.
DISCUSSION
Most of the metabolic abnormalities associated with obesity have been shown to normalize with weight loss (6) (7) (8) (9) (10) (11) and thus are likely a consequence of the obese state, not a cause. In the present study, the high AT-LPL activity usually seen in obesity did not decrease after weight stabilization at a reduced weight but in fact became more elevated. The persistent elevation of enzyme activity for 10 mo in the single individual who was able to maintain most of the weight loss suggests the increase in AT-LPL activity continues indefinitely, as indicated in a previous retrospective study of weight loss (17) . In that study, elevation of AT-LPL activity was demonstrated in a weight reduced population studied (22) (23) (24) who have looked at the change in AT-LPL activity with weight loss have found a decline.
In their studies, however, subjects were evaluated while still hypocaloric. In two subjects studied while on the 600-cal diet in our protocol, a fall in AT-LPL activity below that in the basal obese state was confirmed (unpublished data), indicating that the hypocaloric state during weight loss is different from the eucaloric state after weight loss.
Genetically obese rats (fa/fa) restricted in their food FIGuRE 2 Study subjects before (0) and after weight loss (®) are compared to the regression line (----) for the 17 weightstable control subjects of Fig. 1 . Significant correlations between AT-LPL activity and %IBW (r = 0.71, P < 0.05, n = 7) and between AT-LPL activity and fat cell size (r = 0.81, P < 0.01, n = 8) were present in the obese subjects before weight loss. 3 Comparison of the change in AT-LPL activity and the fractional rate of weight loss. Fractional weight loss was calculated as the change in weight divided by the initial weight times 100, divided by the number ofdays on the hypocaloric diet. Four subjects remained on the hypocaloric diet throughout the study ( x). Four subjects were weight stabilized at the midpoint of the study to divide the periods of weight loss into an initial period ofweight loss (0) and a second period of weight loss (0). The change in AT-LPL activity was inversely correlated with fractional weight loss (x and 0: n = 8, r = -0.81, P < 0.01; x and 0: n = 8, r = -0.71, P < 0.05).
intake have been shown to have elevated AT-LPL activity and greater fat mass when compared with lean (fa/fa) littermates of equal weight (25) . In fact, foodrestricted fat rats had AT-LPL activity similar to or greater than the ad libitum fed fat rats that had greater body weight and fat mass. The elevation in AT-LPL activity has been shown to be the first detectable metabolic abnormality in these genetically obese animals, occurring 2 wk before any detectable increase in body weight, fat cell size, or insulin concentration. These authors (25) speculate that the high AT-LPL activity can, by predisposing to excess triglyceride storage in fat tissue, cause relative obesity even without hyperphagia.
Because the uptake of lipoprotein triglyceride fatty acids by human adipose tissue has been shown to be correlated with the AT-LPL activity present in that tissue (26) , it is likely that the elevated AT-LPL activity seen with weight loss would predispose to increased triglyceride storage. How the increase in enzyme activity and the increase in fat cell size, adipose mass, and the impressive tendency of patients to regain lost weight are related is not known. Preferential shunting of calories away from other tissues to adipose tissue during eucaloric intake, as occurs in the fa/fa rat (25) , cannot be directly evaluated in the present study. The inverse relationship between the increase in AT-LPL activity and the fractional rate of weight loss in the subjects in the present study indirectly indicates that the enzyme is important in the maintenance ofadipose mass. The increase in enzyme activity may account for some of the decreased rate of weight loss commonly seen with a prolonged hypocaloric diet.
To help determine the functional significance of the increase in AT-LPL activity seen in the weight-stable, reduced men in the present study, VLDL-TG and HDL cholesterol were measured before and after weight loss. It is well known that one of the primary effects of the AT-LPL enzyme is to clear circulating triglyceride from the plasma (12) and that individuals with low AT-LPL activity have elevated triglyceride levels (27, 28) . Most subjects have lower triglyceride levels and rates of VLDL-TG synthesis after weight loss (7) . In the present study VLDL-TG was lower in seven subjects and higher in one subject after weight loss. Both an increase in AT-LPL activity and a decrease in the rate ofVLDL-TG synthesis (7) could account for a decrease in triglyceride levels after weight loss. Subjects with comparable obesity in the study of Olefsky et al. (7) had a decrease in the rate ofVLDL-TG synthesis with weight loss. However, most of those subjects also had an increase in the rate of fractional removal of plasma triglyceride, compatible with an increase in AT-LPL activity. It is probable that both effects occur; which is predominant was not determined.
Plasma HDL cholesterol levels have recently been correlated with AT-LPL activity (29) , and in the present study a significant rise in the HDL cholesterol was found for the group after weight loss, even though the response was quite variable. This rise in HDL cholesterol in the stable weight-reduced state confirms a previous report (30) and may be mediated by the concomitant change in AT-LPL activity (31) .
We conclude that AT-LPL activity per cell is elevated in obesity and further increases after weight loss. The increase in AT-LPL persists in a stable reduced population 4-28 mo after initial weight loss. In subjects who regained their lost weight, the AT-LPL decreased to the previous obese level. We postulate that the increase in AT-LPL activity seen after weight stabilization at a reduced weight is a counterregulatory mechanism predisposing to increased triglyceride storage in adipose tissue and is involved in the reattainment of a "set point" for weight or fat cell size.
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